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We report that the cesium salts of monobutyl phthalate, heptafluorobutyric acid, tridecaflu-
oroheptanoic acid, and perfluorosebacic acid generate salt/cluster ions that provide calibration
peaks for electrospray mass spectrometers. In the case of the cesium salt of tridecafluorohep-
tanoic acid ions are available up to m/z 10,000. (J Am Soc Mass Spectrom 1999, 10,
273–276) © 1999 American Society for Mass Spectrometry
Efforts to extend the tuning and calibration of massspectrometers to higher mass in both positive andnegative ion modes have used synthetic poly-
mers such as poly(ethylene glycol) (PEG), poly(pro-
pylene glycol) (PPG), and poly(tetramethylene ether
glycol) [1] or poly(ethylene/propylene)oxides [2], and
biopolymers [3] which cover the mass range up to m/z
3000. We find that PEG and PPG are plagued by
memory effects, show complexity in the ions in their
low mass region, and have peaks whose intensities
drop off rapidly after m/z 2000. Cluster ions of various
salts are a second alternative available in the electros-
pray mode and CsI is an attractive example of one of
these because of the high mass of both of its component
ions [2, 4–6]. We also observe a set of well separated
cluster ions with CsI that extend to at least m/z 3000,
but the source contamination involved in reaching
higher masses is, to us, unacceptable. An interesting
alternative is the use of tetraethyl (or tetramethyl)
ammonium iodide which has been shown to generate
cluster ions in the negative ion mode up to m/z 6000
using the VG AutoSpec instrument [6]. The use of
Ultramark 1621, a mixture of fluorinated phosphazenes,
has been recommended as a calibrant for ESI in the
mass range of m/z 800–2200 [7]. We find that Ultra-
mark works well in the negative ion mode, but does not
generate ion masses . m/z 2000 in the positive ion
mode and has the further disadvantage of causing
memory effects [8]. Ion clusters of water have been
suggested as calibrants [9, 10]. We can indeed generate
water clusters over the full mass-to-charge ratio range
up to m/z 4000 [11], but it is necessary to lower the
temperature of the pressure reducing capillary to near
;50 °C and the intensities of the ions are highly
dependent on humidity of the air and other not easily
controlled source conditions. A recent note by Moini et
al. [8] recommends sodium trifluoroacetate as a tuning
and calibration compound for masses up to m/z 3500.
The cesium salt was also mentioned but appeared to
offer no advantage. At the latest ASMS meeting we
discussed the use of several related substances [12]; one
of these, cesium tridecafluoroheptanoate (CsTFHA) al-
lowed accurate mass measurement over the entire mass
range of the Mariner instrument (PerSeptive Biosys-
tems, Framingham, MA) whose mass range is m/z
20–10,000 at a resolution (FWHM) of 5000–7000. These
salts are now discussed in detail below.
Experimental
The source of the Mariner has been modified to provide
a liquid junction [13], although satisfactory results were
obtained with the regular source. The spray voltage was
2.5 kV in positive and 1.8–2 kV in negative ion mode.
The temperature of the nozzle was maintained at 100 °C
and the curtain gas flow was 1 l/min. The nozzle
temperature in this setup does not greatly influence
cluster ion formation, but the ion intensities were very
sensitive to the curtain gas flow rate. The flow rate of
the calibrant was 0.5–1 mL/min using a KD Scientific
(Boston, MA) syringe pump. For this paper, the spectra
were acquired for 1 min although only a few seconds
were necessary for calibration purposes. Spectra were
also run on the TSQ 700 (Finnigan MAT, San Jose, CA),
again using either a modified [13] or the regular source
at the same flow rates.
Cesium bicarbonate was obtained from Pfaltz &
Bauer (Stamford, CT) and prepared in HPLC grade
water (Fisher Scientific, Pittsburgh, PA). Acetonitrile
was purchased from Baxter Healthcare (Burdick &
Jackson, Muskegon, MI). Monobutyl phthalate (MBP;
ChemService, West Chester, PA) was run at 1.9 mM in
acetonitrile with an equimolar amount of CsHCO3
present. Heptafluorobutyric (HFBA), tridecafluorohep-
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tanoic (TFHA), and perfluorosebacic acid (PFSA) were
purchased from Aldrich (Milwaukee, WI). Stock solu-
tions in acetonitrile [or 1, 1, 1, 3, 3, 3-hexafluoro-2-
propanol obtained from Acros (Geel, Belgium; NJ, USA)
in the case of PFSA] were combined with CsHCO3 in a
1:1 molar ratio except in the case of the dicarboxylic acid
where a 1:2 ratio was used. The final concentrations of
the salts were 2.1 mM for HFBA, 4.6 mM for TFHA, and
1.8 mM for PFSA.
Results
It occurred to us that increasing the lipophilicity of the
salt by use of an organic anion would provide a more
surface active species and aid in the formation of ions in
the electrospray process [14]. First attempts along this
line used the commercially available monobu-
tylphthalic acid in the form of its sodium salt.
Na1(NaMBP)n 5 2–12 clusters were indeed observed
with masses extending to m/z ;3000 (not shown),
augering well for use of the Cs cation to increase the
mass. With this, we were able to cover the whole
mass-to-charge ratio range available on our TSQ-700
(10–4000) observing Cs1(CsMBP)n 5 1–10 clusters. Table
1 shows the masses of the monoisotopic (12C) ions in
each; also listed are the Na1(CsMBP)n contaminant ions
that are routinely observed and the cluster ions
(C12H13O4Cs)n(C12H13O14)
2 obtained in the negative
ion mode. Because of their low carbon content, the most
abundant ion in each is the 12C monoisotopic ion up to
m/z ;1700. Even at m/z 3674 the 12C ion is 72% of that
containing one 13C atom, so that locating this ion should
be relatively straightforward with modest resolution. It
is also noteworthy that, because of the mass defect of
cesium, all of these ions have fractional masses between
0.7 and 0.97 u and thus will not interfere with most
organic compounds with greater fractional mass be-
cause of their higher hydrogen content. Although
phthalates are notorious for their memory effects when
encountered as diesters, this is likely caused by their
tendency to dissolve in plastic gaskets and O-rings, etc.
We have encountered no such effects with its water
soluble sodium salt.
A common means of achieving yet higher mass
without decreasing volatility is to replace hydrogen
with fluorine. In the case of electrospray, maintenance
of volatility is no longer necessary, but the use of
perfluoro compounds is still advantageous and the
perfluoro derivatives of many simple aliphatic acids are
readily available. Moini et al. have shown that the
simplest of these, sodium trifluoroacetate, provides ions
as high as m/z 4000 using the Finnigan LCQ and the
TSQ 7000 with an in-house fabricated ESI source at ;2
mM concentrations with flow rates of 5 ml/min [8].
However, in our hands, using the TSQ 700, ions were
obtained only to ; m/z 1400 even with 10-fold greater
Figure 1. Cluster ion spectra of CsTFHA obtained with the
Mariner. Top: positive ions; bottom: negative ions.
Table 1. Monoisotopic (12C) masses of CsMBP positive and negative salt/cluster ions and species containing one Na1. Repeat units:
C12H13O4Cs 353.9864, Cs
1 132.9054, Na1 22.9898, C12H13O4
2 221.0810
n
Positive ions Negative ions
(C12H13O4Cs)nCs
1 (C12H13O4Cs)nNa
1 (C12H13O4Cs)n(C12H13O4)
2 (C12H13O4Cs)n(C12H13O4Na)(C12H13O4)
2
1 486.8918 376.9762 575.0674 819.1382
2 840.8782 730.9626 929.0538 1173.1246
3 1194.8646 1084.9490 1283.0402 1881.0974
4 1548.8510 1438.9354 1637.0266 2235.0838
5 1902.8374 1792.9218 1991.0130 2589.0702
6 2256.8238 2146.9082 2344.9994 2943.0566
7 2610.8102 2500.8946 2698.9858 3297.0430
8 2964.7966 2854.8810 3052.9722 3651.0294
9 3318.7830 3208.8674 3406.9586 4005.0158
10 3672.7694 3562.8538 3760.9450 4359.0022
11 4026.7558 3916.8402 4114.9314 4712.9886
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concentrations, and the Mariner gave an even weaker
spectrum. On the other hand, the use of CsTFHA at
these concentrations in both positive and negative ion
mode provided ions covering the whole range of the
Mariner instrument as shown in Figure 1; with its ions
listed in Table 2. The positive ion scan was calibrated
with the accurate masses of the ions at m/z 4595 and
6083 and the differences between the masses of the
other ions in the figure and those listed in Table 2 reflect
the magnitude of the errors expected when calibrating
in this 2-point fashion on TOF instruments. Because of
their fluorine content, these ions show even more mass
defect than CsMBP so that now the 12C monoisotopic
ion is still 84% of the 13C satellite at m/z 7572.
Ions from the cesium salts of HFBA and PFSA also
form cluster ions in both positive and negative ion
modes, but their clusters do not extend beyond m/z
4000. CsPFSA is notable for the fact that it forms hemi-
and dicesium cluster ions. A list of the ions formed by
these compounds is available from the authors.
Discussion
Although the above cluster ions are satisfactory for
calibration of the mass scale, none of them, including
sodium trifluoroacetate, is likely to be ideal for tuning.
The conditions favoring cluster formation (low voltages
on elements in the higher pressure regions) are quite
contrary to those favoring the declustering required for
successful transfer of many species, especially peptides
and proteins. In fact, increasing these voltages is a
means commonly employed to reduce clustering
through increasing collision energies. For calibration,
errors will inevitably be encountered when a true mass
scale that has been established via the singly charged
ions of these compounds is subsequently applied to the
measurement of unresolved multiply charged protein
or peptide ions. When multiply charged ions from
proteins such as apomyoglobin are employed for cali-
bration, accuracy will be maximized when the formulas
of the calibrant and unknown are similar. Unfortu-
nately, biological compounds of even higher mass are
often more than one species, militating against their use
as calibrants. In the Mariner spectrometer even low
mass protein peaks, e.g., insulin at 5735 Da, are partially
resolved, so that calibration with the exact mass provided
by the above salt/cluster ions ensures reliable masses of
peptides and other compounds in this mass range.
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